An early to mid-Mesozoic record of sedimentation, magmatism, and metamorphism is well developed in the Blue Mountains Province of northeast Oregon. Detailed studies both north and south of the Blue Mountains Province (e.g., terranes of the Inter montane belt, Klamath Mountains, and western Sierra Nevada) have documented a complex Middle to Late Jurassic orogenic evolution. However, the timing of magmatic, metamorphic, and deformational events in the Blue Mountains, and the significance of these events in relationship to other terranes in the western North American Cordillera remain poorly understood. In this study, we investigate the structural, magmatic, and meta morphic histories of brittle to semibrittle deformation zones that indicate widespread Late Jurassic orogenesis in the Blue Mountains Province. Folding and faulting associated with contractional deformation are primarily localized along terrane boundaries (e.g., Baker-Wallowa and Baker-Izee-Olds Ferry boundaries) and within the composite Baker oceanic mélange terrane (e.g., BourneGreenhorn subterrane boundary). These brittle to semibrittle deformation zones are broadly characterized by the development of E-W-oriented slaty to spaced cleavage in fine-grained metasedimentary rocks of the Baker terrane (e.g., Elkhorn Ridge Argillite), approximately N-S-bivergent folding, and N-and S-dipping reverse and thrust faulting on opposite flanks of the Baker terrane. 
INTRODUCTION
Middle to Late Jurassic magmatism, metamorphism, and deformation are well documented in the accreted terranes of the Klamath Mountains of southwestern Oregon and northwestern California, as well as in the western Sierra Nevada of east-central California (e.g., Schweickert and Cowan, 1975; Schweickert et al., 1984; Wright and Fahan, 1988; Hacker et al., 1995) . For decades, Jurassic orogenesis in the western North American Cordillera was generally referred to as the "Nevadan orogeny" (Blackwelder, 1914; Taliaferro, 1942; Lanphere et al., 1968; Schweickert et al., 1984) ; however, widespread use of radiometric dating, especially U-Pb (zircon) geochronology, has led to the recognition of distinct orogenic episodes during the Jurassic Period (Coleman et al., 1988; Wright and Fahan, 1988; Hacker et al., 1995) . In the Klamath Mountains, the classic Nevadan orogeny has been restricted to the Late Jurassic (ca. 153-150 Ma; Harper and Wright, 1984; Chamberlain et al., 2006) , and an important Middle Jurassic orogeny has been referred to as the Siskiyou orogeny (ca. 169-161 Ma; Coleman et al., 1988; Barnes et al., 2006; Snoke and Barnes, 2006) . These regional contractional events were separated by a widespread extensional episode manifested by the development of ophiolitic assemblages (e.g., Preston Peak, Josephine ophiolites: Snoke, 1977; Saleeby et al., 1982; Harper and Wright, 1984; Harper et al., 1994; Snoke and Barnes, 2006) . Although early Mesozoic rocks in northeast Oregon are believed to be a northward continuation of the greater Klamath-Sierra arc trend (e.g., Dickinson, 2004; LaMaskin et al., 2008b) , extrapolation of Jurassic orogenesis northward into the Blue Mountains Province, northeast Oregon, has been problematic in part due to a lack of well-constrained geochronological data within a detailed geologic context.
In this paper, we summarize new structural, geochronological, and geochemical data with implications for Late Jurassic orogenesis in the Blue Mountains Province. We describe several anastomosing, brittle to semibrittle fault zones within the Baker oceanic mélange terrane (Bourne-Greenhorn subterrane fault zone; Figs. 1-3), as well as along terrane boundaries (e.g., Baker-Wallowa and Baker-Izee-Olds Ferry boundaries; Figs. 1 and 4) in the Blue Mountains Province. These fault zones accommodated significant contractional strain at upper-crust levels within a broad area encompassing an accretionary complex, forearc, and arc terranes. We propose that the Late Jurassic structural features that we observe in the Blue Mountains Province are related to a short-lived, intense, collisional event between the Olds Ferry and Wallowa island-arc terranes synchronous with bivergent thrusting of rocks of the Baker terrane onto the colliding island arcs. This process of tectonic back flow (see Hamilton, 1979, his figure 99, p. 192-193) element in this arc-arc collisional process was tectonic slicing of rocks of the Wallowa terrane into the Baker terrane (Ferns and Brooks, 1995; Schwartz et al., 2010) . The age interval of deformation in the Blue Mountains Province is younger than Middle Jurassic deformation in the Canadian Cordillera and Klamath Mountains (Siskiyou orogeny), but it also apparently predates classic Nevadan orogenesis.
GEOLOGIC FRAMEWORK OF THE BLUE MOUNTAINS PROVINCE
The Blue Mountains Province of northeast Oregon and western Idaho (Fig. 1) consists of three distinct terrane types, which record over ~140 m.y. of sedimentation, magmatism, and deformation from the Early Permian through Early Cretaceous ( Fig. 1 ; Brooks and Vallier, 1978; Dickinson and Thayer, 1978; Dickinson et al., 1979; Walker, 1986; Silberling et al., 1987; LaMaskin et al., 2009a) . These terranes include the Wallowa and Olds Ferry island arcrelated terranes, Baker oceanic mélange terrane, and Izee forearc or collisional basin (Dickinson and Thayer, 1978; Dickinson, 1979; Dorsey and LaMaskin, 2007; LaMaskin et al., 2008a LaMaskin et al., , 2011 . Late Jurassic to Early Cretaceous magmatic rocks intrude the Baker terrane and Wallowa island-arc terrane ( Fig. 1) , as well as the IzeeOlds Ferry terranes, and Salmon River suture zone (e.g., Lund, 1995; Snee et al., 1995; Gray and Oldow, 2005; Johnson and Schwartz, 2009 ).
Wallowa Island-Arc Terrane
The Wallowa terrane is a composite island-arc system consisting of a Permian island-arc complex overlain and/or intruded by Upper Triassic to Lower Jurassic sedimentary, vol canic, vol caniclastic, and plutonic rocks (Vallier , 1977 (Vallier , , 1995 Vallier et al., 1977; Vallier and Batiza, 1978; Kays et al., 2006) . Plutonic basement rocks range in age from ca. 264 to 215 Ma (Walker, 1986 (Walker, , 1995 Kurz et al., 2009; Schwartz et al., 2010) . High-precision U-Pb ages from syndeformational sphene neoblasts in the Cougar Creek complex record left-lateral mylonitic fabric development from 260 to 220 Ma, synchronous with igneous activity (Kurz et al., 2009) . Lower Permian to Upper Triassic volcanic rocks consist of keratophyre and spilite interbedded within volcaniclastic rocks (Seven Devils Group; Vallier , 1977) . Upper Triassic well-sorted conglomerate and breccia ("Lower Sedimentary Series " of Prostka and Bateman, 1962) , massive to thin-bedded limestone (e.g., Martin Bridge Formation; Stanley et al., 2008) , and an Upper Triassic to Lower Jurassic clastic sequence (Hurwal Formation) are unconformably overlain by Upper Jurassic to Upper Cretaceous sedimentary rocks (e.g., Coon Hollow Formation; Brooks and Vallier, 1978; Dorsey and LaMaskin, 2007; LaMaskin et al., 2008b LaMaskin et al., , 2009a . The Wallowa terrane is intruded by Early Cretaceous plutonic rocks of the Wallowa batholith (e.g., Taubeneck, 1964 Taubeneck, , 1967 Taubeneck, , 1995 Walker, 1989; Johnson et al., 1997; Johnson and Schwartz, 2009) , as well as by smaller Jurassic-Cretaceous plutons (White, 1973; Johnson et al., 2007; Unruh et al., 2008; Johnson and Schwartz, 2009; Schwartz and Johnson, 2009 ).
Olds Ferry Island-Arc Terrane
The Olds Ferry island-arc terrane consists chiefly of Middle Triassic to Lower Jurassic weakly metamorphosed, volcanic, volcani clastic, and sedimentary rocks of the Hunting ton Formation (Brooks and Vallier, 1978; Brooks, 1979; Tumpane and Schmitz, 2009 ). These volcanogenic rocks are dominantly andesitic in composition, but they range from basalt to rhyolite and record arc-related plu tonism and volcanic activity from Middle Triassic to Early Jurassic time (Walker, 1995; Tumpane and Schmitz, 2009) . Volcanic and volcaniclastic rocks of the Huntington Formation are locally in fault contact with penetratively deformed Jurassic sedimentary rocks of the Lower to Middle Jurassic Weatherby Formation, which has southeastvergent folds (Avé Lallemant, 1983) . Previous workers have also interpreted this contact as an unconformity (cf. Brooks and Vallier, 1978; Dickinson, 1979) ; however, it likely has a composite history as a faulted unconformity. If this interpretation is correct, the tectonic displacement along this boundary may be relatively minor, especially as compared to the complex fault zones that mark the boundary of the Baker terrane with the Wallowa and Olds Ferry islandarc terranes (see following). The Weatherby Formation is, in turn, bound on the northwest by the reverse-sense, northeast-striking, northwestdipping Connor Creek fault (Brooks and Vallier, 1978; Avé Lallemant, 1983) , which emplaced rocks of the Baker terrane onto the younger, Jurassic footwall rocks (cf. Fig. 1 ).
Baker Terrane
The Baker terrane is the focus of this study and lies between the Wallowa and Olds Ferry island-arc terranes (Fig. 1) . It is the oldest and most structurally complex terrane in the Blue Mountains Province, containing fragments of ocean-floor (non-arc) and island-arc vol canic, plutonic, and sedimentary rocks ranging in age from Early Permian to Early Jurassic (Nestell, 1983; Walker, 1986 Walker, , 1995 Blome and Nestell , 1991; Carpenter and Walker, 1992; Ferns and Brooks, 1995; Nestell et al., 1995; Nestell and Nestell, 1998; Nestell and Orchard, 2000; Schwartz et al., 2010; this paper) . Previous workers have recognized three subterranes (Bourne and Greenhorn subterranes and Burnt River Schist; Fig. 1 ), which preserve a complex history of deposition, magmatism, metamorphism, and structural processes marginal to the Wallowa and Olds Ferry arc terranes (Ferns and Brooks, 1995; Schwartz et al., 2010 volcanic rocks are geochemically distinct from the arc-related, metaigneous rocks distributed along the Baker-Wallowa terrane margin and may represent slices of enriched oceanic crust faulted into the Baker terrane during a period of collision between the Wallowa and Olds Ferry terranes (Ferns and Brooks, 1995) .
Greenhorn Subterrane
The Greenhorn subterrane consists of serpentinite-matrix mélange and includes large blocks of arc-related metaplutonic, metavolcanic (locally pillowed), and metavolcaniclastic rocks, brecciated chert-argillite, and amphibolitic rocks. These rocks are overlain by PermianTriassic conglomerate, sandstone, argillite, and limestone of the Badger Creek metasedimentary unit (Wheeler, 1976; Mullen, 1978; Ferns and Brooks, 1995) . An upper age for mélange development is indicated by the presence of altered clasts of ultramafic rocks (ophicalcite) in the Permian-Triassic Badger Creek unit, suggesting that mélange development occurred prior to and/or during deposition of the overlying metasedimentary unit (Carpenter and Walker, 1992; Ferns and Brooks, 1995) . In contrast to the Bourne subterrane, where both Tethyan and McCloud fusulinids are present, the Greenhorn subterrane apparently contains only fusulinids of McCloud affinity (Mullen, 1978) . A wellpreserved radiolarian fauna of Early and Middle Jurassic age from a block of black chert in serpentinite-matrix mélange (i.e., Miller Mountain mélange) indicates that deposition of chertargillite sequences in the Greenhorn subterrane may have occurred into mid-Mesozoic time (Jones et al., 1977) .
The Canyon Mountain complex has been included in the Greenhorn subterrane by several authors, who interpret it as a large tectonic slab within serpentinite-matrix mélange (e.g., Brooks and Vallier, 1978; 
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EXPLANATION
Wallowa batholith
Bald Mountain batholith 147 ± 2 Ma W a l l o w a a r c t e r r a n e B a k e r t e r r a n e Thayer, 1978; Dickinson et al., 1979; Mullen, 1983 Mullen, , 1985 Bishop, 1995b; Walker, 1995) . Alter na tively, it may represent the Permian part of the Olds Ferry volcanic island-arc terrane (Avé Lallemant, 1995) . Multigrain U-Pb zircon fractions range from 276 to 268 Ma, with some highly discordant ages possibly suggesting the presence of older components (Walker, 1995) . Major-, minor-, and trace-element studies on various rocks are consistent with formation in a suprasubduction-zone environment (Gerlach et al., 1981; Leeman et al., 1995) .
Burnt River Schist Subterrane
The Burnt River Schist (Gilluly, 1937; Ashley, 1966 Ashley, , 1995 is a heterogeneous suite of rocks chiefly dominated by fine-grained metasedimentary rocks (e.g., slaty argillite and siliceous phyllite), but it also includes mappable bodies of greenschist-facies metavolcanic rocks, mafic to felsic metaplutonic rocks (i.e., Blue Spring Gulch), and impure marble. The Burnt River Schist has been correlated with the Elkhorn Ridge Argillite and has commonly been considered to be a slightly higher-grade equivalent (Ashley, 1995) . However, new isotopic data (Mailloux et al., 2009) indicate that such a straightforward correlation is unlikely because the Burnt River Schist is isotopically distinct from the Elkhorn Ridge Argillite. Paleon to logi cal data also suggest a distinction between the Elkhorn Ridge Argillite and Burnt River Schist. For example, impure calcite marble at one locality (near French Spring) in Burnt River Canyon yielded Middle to Late Triassic conodonts (Morris and Wardlaw, 1986) , and the Nelson Marble (an equivalent unit exposed to the east near Durkee , Oregon) also yielded Middle to Late Triassic conodonts (Morris and Wardlaw, 1986) . On the other hand, the Elkhorn Ridge Argillite has yielded very diverse faunas, which broadly range in age from Permian through Early Jurassic Wardlaw et al., 1982; Nestell, 1983; Nestell et al., 1995; Nestell and Nestell, 1998; Nestell and Orchard, 2000) .
The Burnt River Schist experienced polyphase deformation during moderately high-pressure, low-grade regional metamorphism (Ashley, 1966 (Ashley, , 1995 . A penetrative slaty to phyllitic foliation (S 1 ) is the most characteristic structural fabric in the fine-grained metasedimentary rocks of the Burnt River Schist. This foliation is locally folded by late to postmetamorphic folds, which are nearly coaxial to the first-phase folds (Ashley , 1995) . Tight to iso clinal folds (F 1 ) are related to the penetrative foliation (S 1 ), and a prominent elongation lineation is locally developed in the metasedimentary rocks in Burnt River Schist. For example, lithic clasts in metaconglomerate layers are blade shaped, indicating a strong component of elongation strain during the D 1 deformation phase. In other outcrops of the slaty to phyllitic metasedimentary rocks, inter section lineations (S 1 × S 2 ) are common, occa sionally form mullion structure ( fig. 12 .10 in Ashley, 1995, p. 479) , and are subparallel to the hinge lines of F 2 folds.
Greenschist-facies regional metamorphism is indicated by metamorphic mineral assemblages in both the metasedimentary and metavolcanic rocks of the Burnt River Schist. Biotite-grade metamorphic mineral assemblages (upper greenschist facies) are present in the Deer Creek phyllite unit of the Burnt River Schist, whereas lower-greenschist-facies metamorphic mineral assemblages occur in the Campbell Gulch phyllite unit of the Burnt River Schist (cf. figs. 12.3 and 12.4 in Ashley, 1995) . Greenstones (meta-lavas or scarce meta-tuff) in the Burnt River Schist typically contain: albite, quartz, actinolite, chlorite, clinozoisite/epidote, white mica, calcite, and leucoxene, indicative of greenschist-facies metamorphism. Scarce pumpellyite also occurs in the metavolcanic rocks. Relict igneous minerals, such as clinopyroxene and hornblende, are common in the mafic metavolcanic rocks (Ashley, 1995) . Locally, the rocks of the Burnt River Schist were contact-metamorphosed, reaching hornblende to hornblende-pyroxene-hornfels facies adjacent to Jurassic(?)-Cretaceous plutons, which intruded this generally low-grade metamorphic terrane. Ashley (1995) concluded that the Burnt River Schist was developed in a subduction complex during Permian-Triassic time.
Middle Jurassic-Early Cretaceous Plutonism
Middle Jurassic to Early Cretaceous magmatism in the Blue Mountains Province consists of three distinct pulses of plutonism, which occurred between 162 and 154 Ma, 148 and 141 Ma, and 125 and 111 Ma (Walker, 1986 (Walker, , 1989 (Walker, , 1995 Johnson and Barnes, 2002; Johnson et al., 2007; Unruh et al., 2008; Johnson and Schwartz, 2009; Schwartz and Johnson, 2009 ). These plutons form spatially distinct belts that were emplaced prior to ~60° of postEarly Cretaceous clockwise rotation (Wilson and Cox, 1980; Housen and Dorsey, 2005; Housen, 2007) . The oldest magmatic rocks (ca. 162-154 Ma) consist of late Middle-early Late Jurassic plutons in the Wallowa terrane (Unruh et al., 2008) and Greenhorn subterrane of the Baker terrane (Parker et al., 2008; Johnson and Schwartz, 2009; Schwartz and Johnson, 2009 ). These plutons are typically <3 km 2 in areal extent and range in composition from gabbro to quartz diorite. Geochemically, they are characterized as magnesian, calcic to calc-alkalic, and metaluminous (Frost et al., 2001) , and they contain relatively low Na, Al, and Sr concentrations, but high Y concentrations.
A second distinct phase of magmatism occurred in the Baker and Wallowa terranes, with U-Pb zircon ages ranging from ca. 148 to 141 Ma. This phase of magmatism consists of two spatially and geochemically distinct belts of relatively sodic and aluminous tonalitetrondhjemite-granodiorite (TTG) plutons with high Sr/Y (Tulloch and Kimbrough, 2003) in the Greenhorn subterrane of the Baker terrane, and low Sr/Y TTG plutons and batholiths in the Bourne subterrane (Baker terrane) and Wallowa terrane Schwartz and Johnson, 2009) .
The last episode of magmatism in the region (pre-Idaho batholith emplacement) consists of small plutons of tonalitic and trondhjemitic composition that intrude the Wallowa, Baker, and Izee-Olds Ferry terranes. This group consists of two subgroups: (1) 124-120 Ma metaluminous hornblende-biotite tonalite plutons in a NE-SW-trending belt eastward (inboard) of the Late Jurassic belt, and (2) 125-111 Ma, strongly peraluminous tonalite and trondhjemite plutons that mostly occur in a belt subparallel to the initial Sr isotopic 0.706 line in western Idaho ).
METHODS
Major-, Trace-Element, and Isotope Geochemistry
Samples for major-and trace-element, and Rb-Sr and Sm-Nd isotope geochemistry were selected to represent the major rocks types of the Bourne and Greenhorn subterranes. Samples were collected from the least-altered and leastdeformed rocks to minimize effects of latestage, low-grade alteration. Rock chips were handpicked at the University of Wyoming and University of Alabama, and weathered surfaces and veins were discarded. Samples collected for geochemical analysis consisted of six samples of metaplutonic rocks and eight samples of metavolcanic rocks from the Bourne-Greenhorn boundary, three plutonic rocks and one quartz keratophyre from the Canyon Mountain complex, 12 samples of terrane-stitching plutonic rocks, and four samples of metasedimentary rocks from the Badger Creek unit and Vinegar Hill chert-argillite unit. Samples for isotopic analyses were selected from the metasedimentary rocks. Samples collected for U-Pb geochronology consist of a volcaniclastic breccia from the Bourne subterrane near the Bourne-Greenhorn subterrane boundary, a hornblende diorite that intrudes Elkhorn Ridge Argillite and metaigneous slices at the Bourne subterraneWallowa terrane boundary, a biotite-hornblende diorite and biotite tonalite from the Gold Bug pluton that intrudes the Bourne-Greenhorn subterrane boundary (Fig. 2) , a muscovite-biotite tonalite that intrudes the Bourne-Greenhorn subterrane boundary (Fig. 3) , and a biotite-hornblende tonalite from the Bald Mountain batholith (Fig. 4) . Detrital zircon U-Pb ages from a deformed sample of the Lonesome Formation in the John Day region were used to constrain the maximum age of deformation that affected that area (LaMaskin et al., 2011) . Sample locations are shown on Figures 1-4 , and UTM locations are given in GSA Data Repository Table A1 . 
Radiolarian Micropaleontology
Radiolarian-bearing cherts were sampled to determine the timing and duration of sedimentation in the Baker terrane. Due to both regional greenschist-facies and localized contact metamorphism, careful field selection of suitable radiolarian-bearing chert beds and appropriate hydrofluoric acid methods in the laboratory were necessary for obtaining diagnostic fauna. Chert samples for radiolarian analysis were collected from visibly bedded strata and are interpreted to represent primary depositional ages.
RESULTS
Field Observations and Petrography of the Bourne-Greenhorn Subterrane Fault Zone
Structural field mapping and sample collection were conducted in two brittle to semibrittle fault zones within the Baker terrane (the Bourne-Greenhorn subterrane boundary; Figs. 2 and 3) to evaluate structural features, metamorphic mineral assemblages, and primary intrusive relationships. In these areas, the Greenhorn subterrane (hanging wall) is thrust over the Bourne subterrane (footwall) along a series of anastomosing, moderately to steeply dipping faults. Footwall rocks of the Bourne subterrane consist chiefly of Elkhorn Ridge Argillite and intercalated metaigneous fault slices, whereas hanging-wall rocks of the Greenhorn subterrane contain a diverse assemblage of meta-peridotite, serpentinite, amphibo lite, metasedimentary rocks (Badger Creek unit), and metaigneous rocks. Both subterranes are intruded by syn-to postkinematic plutons. Descriptions of primary rock units observed and sampled for geochemical and geochronologic analyses are presented next.
Serpentinite-Matrix Mélange (Greenhorn Subterrane)
The dark olive-green to black serpentinite matrix of the Greenhorn subterrane makes up over 50% of surface exposures (Figs. 2 and 3) . Serpentinite varies from massive to foliated, and both types occur in close spatial proximity. Massive serpentinite commonly forms ridges and is easily distinguished by its characteristic red-brown weathering and less abundant vegetation (e.g., east of Vinegar Hill; Fig. 3 ) compared to other areas not underlain by serpentinite. Foliated serpentinite commonly wraps around more massive serpentinite and displays a strong, variably oriented schistose foliation. Internally unsheared phacoids of serpentinite are found in more intensely deformed areas and range up to tens of centimeters in length. Phacoids are surrounded by foliated and anastomosing serpentinite, which defines a spaced cleavage. Near blocks of metaplutonic and metavolcaniclastic rocks, deformational fabrics are more intense and show more consistent orientations.
Metasomatic reaction rinds (i.e., rodingites) at serpentinite-mafic rock contacts are uncommon, only occurring locally around margins of some gabbroic blocks (Ferns and Brooks, 1995) . These reaction rinds form during the serpentinization process from elemental exchange with mafic rocks, possibly in response to silica activity gradients (e.g., Coleman, 1963; Frost and Beard, 2007) . The lack of these reaction rinds in the metavolcanic rocks and their rarity in the metaplutonic rocks suggest that metavolcanic and metaplutonic rocks were tectonically incorporated into the serpentinite-matrix mélange relatively late and after initial serpentinization.
Ultramafic Rocks (Greenhorn Subterrane)
Small exposures of peridotite and pyroxenite are preserved in the massive serpentinite. These ultramafic rocks weather to a brown and reddish-orange color and locally preserve vestiges of primary minerals on weathered surfaces. Olivine is almost entirely altered to serpentine-group minerals, although small, unaltered kernels are locally preserved. Pyroxenes are less altered and range from tens of millimeters to centimeters in size. Clinopyroxene grains display lobate boundaries and are generally undeformed. No plagioclase was observed. Altera tion minerals are serpentine-group minerals, chlorite, talc, carbonate, and magnetite.
Meta-lavas and Metavolcaniclastic Rocks (Greenhorn Subterrane)
Metamorphosed lavas and metavolcaniclastic rocks are well exposed on Vinegar Hill and are the dominant rock type in the area (Fig. 3) . These metavolcanic rocks include basalt and andesite flows. Metavolcaniclastic rocks are more abundant than meta-lavas and typically are massive , heterogeneous deposits consisting of clasts of basalt (locally pillowed), plagioclasephyric andesite, scoria, diabase, gabbro, diorite, argillite, siliceous argillite, and limestone. Basaltic pillow breccias were found near the summit of Vinegar Hill and are sometimes encased in a muddy red matrix (Fig. 5A) . Carbonate infillings are also common in the pillow breccias. All the metavolcanogenic rocks are crosscut by cataclastic shear zones associated with chlorite and clinozoisite veins.
Metaplutonic Rocks (Greenhorn Subterrane)
Metaplutonic rocks consist of a heterogeneous assemblage of hornblende gabbro to hornblende quartz diorite. Pegmatitic gabbros are particularly well exposed on Black Butte (SW Vinegar Hill; Fig. 3 ) and are locally crosscut by fine-grained dioritic dikes and porphyritic gabbros. Coarse-grained gabbros commonly have a high-temperature deformational fabric defined by alignment of plagioclase. Magmatic mineral assemblages in these rocks include plagioclase + clinopyroxene + hornblende ± quartz ± apatite ± sphene. Clinopyroxene is almost always pseudomorphosed by green amphibole and chlorite. Relict clinopyroxene displays lobate and intercumulate textures between plagioclase.
All metaplutonic rocks are strongly overprinted by upper-greenschist-to loweramphibo lite-facies metamorphic assemblages including green hornblende + clinozoisite + chlorite + epidote. Metamorphic veins of clinozoisite and chlorite are ubiquitous features forming an anastomosing network throughout the metaplutonic rocks (Fig. 5B) . These metamorphic mineral assemblages are crosscut by zones of cataclastic deformation and brittle fractures (Fig. 5B ).
Metasedimentary Rocks (Bourne and Greenhorn Subterranes)
Elkhorn Ridge Argillite is the dominant lithologic unit of the Bourne subterrane (Ferns and Brooks, 1995; Schwartz et al., 2010) and consists of fine-grained argillaceous rocks containing quartz + plagioclase + carbonate ± chlorite ± white mica. Grain sizes for these rocks are typically <5 mm; however, in the Desolation Butte area (Fig. 2) , coarse sandstones and pebble conglomerates are locally present. These rocks Note: Analytical details: Unless indicated, major and minor elements were analyzed on glass beads, whereas V, Cr, Ni, Cu, Zn, Sr, Y, Zr, Nb, and Ba were analyzed on pressed pellets by X-ray fluorescence (XRF)
at the University of Alabama. Rb, Pb, Th, U, Sc, and rare earth elements were analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) at the University of Alabama. Glass beads for XRF analysis were fused in lithium metaborates. Samples for ICP were fused in lithium metaborates and dissolved in 50 mL of 5% HCl solution. Samples for ICP-MS analysis were digested in HF-HNO3 and converted to chlorides and then nitrates for analysis. Relative uncertainties at the 95% confidence level are <1% for Si and Al; <2% for V; <3% for Ti, Fe, Mn, Ca, Na, Sr, Ba, and Zr; <5% for K, Mg, Y, and Rb; <10% for P, Sc, Cu, and Zn; <15% for Nb, (Mullen, 1978) . The oldest of these metasedimentary units is informally here termed the "Vinegar Hill chert-argillite unit" (cf. Figs. 3 and 5C). It consists primarily of laterally discontinuous and finely laminated siliceous argillite. It almost exclusively crops out on the pinnacle of Vinegar Hill, although smaller and less extensive outcrops appear on the eastern flank of Vine gar Hill and in the southern Dixie Butte area (Fig. 1) . These rocks are distinctively massive in appearance and are folded and brecciated (e.g., Fig. 5C ). Brecciated chert-argillites in the Dixie Butte area contain Early to Late Permian radiolaria (Brooks et al., 1984; Ferns and Brooks, 1995; this paper) .
A second sedimentary unit, the Badger Creek unit, is exposed discontinuously over an area of ~155 km 2 in the Greenhorn subterrane (Ferns and Brooks, 1995) . It consists of conglomerate, fine-to medium-grained sandstone, argillite, and bedded limestone (Wheeler, 1976; Mullen, 1978; Ferns and Brooks, 1995) . Polymict conglomerates in the Badger Creek unit contain clasts of metamorphosed and lineated gabbro, greenstone, chert, siliceous argillite, argillite, limestone, sandstone, white quartzite, and serpentinite-and talc-matrix rocks ( Fig. 5D ; Ferns and Ramp, 1988) , all of which (except quartzite) are locally exposed in the map area. Chert pebbles are well-rounded and typically range from 1 to 5 cm in diameter. Subangular to subrounded lithic framework grains in sandstone include chert, argillite, mafic volcanic, and silicic plutonic rock fragments. Additional framework grains are mono-and polycrystalline quartz and plagioclase.
Modal compositions of three sandstone samples from the Badger Creek metasedimentary unit are plotted on a Qp-Lv-Ls provenance discrimination diagram of Dickinson (1982) in Figure 6 . Modal compositions are dominated by a high percent of polycrystalline quartz grains (>60%), which are chiefly metachert lithic fragments. Monocrystalline quartz grains (not plotted on this diagram) make up a low percentage (<10%). High modal percent of polycrystalline quartz grains and a relatively low modal percent of monocrystalline quartz grains were first recognized in the Blue Mountain province and are considered characteristic of sediment derived from oceanic mélange sources (i.e., Dickinson and Thayer, 1978; Dickinson, 1979; Dickinson et al., 1979) .
Faunal ages from the Badger Creek metasedimentary unit range from Pennsylvanian to Late (?) Triassic (Ferns and Brooks, 1995) . Late Permian (Guadalupian) radiolarians were reported from the Granite Boulder Creek area southwest of Vinegar Hill (Ferns and Brooks, 1995) . Fusulinid assemblages from the Badger Creek unit are similar to those reported from the McCloud area in the Klamath Mountains of northern California and are distinct from Tethyan varieties in similar-age limestone in the Elkhorn Ridge Argillite of the Bourne subterrane (Mullen, 1978) .
Amphibolitic Rocks (Greenhorn Subterrane)
Epidote amphibolites are exposed southeast of Vinegar Hill (Fig. 3) , and they display tightly crenulated foliations within sheared serpentinites. They typically occur along major fault zones or along margins of metagabbro blocks. Blue amphibole occurs in some amphibolites southeast of Vinegar Hill (Mullen, 1978 (Mullen, , 1980 Ferns et al., 1983) . According to Mullen (1978 Mullen ( , 1980 and Bishop (1995a) , these amphiboles record two periods of metamorphism: an early high-pressure, low-temperature event (~350 °C and 6-7 kbar), and a later, moderate-temperature, moderate-pressure event (~400 °C and 4-5 kbar).
Terrane and Subterrane Stitching Plutonic Rocks (Bourne and Greenhorn Subterranes)
In the Desolation Butte area (Fig. 2) , the Gold Bug pluton intruded and metamorphosed brecciated Elkhorn Ridge Argillite in the footwall of the Greenhorn-Bourne subterrane fault zone. Plutonic rocks consist of undeformed and unmeta morphosed biotite-hornblende gabbro, biotite-hornblende diorite, biotite-hornblende quartz diorite, and minor biotite-hornblende tonalite and granodiorite. Biotite-hornblende gabbro occasionally preserves cores of augite surrounded by hornblende. The gabbro-dioritetonalite suite is intruded by small (<1 km 2 ) stocks of undeformed and unmetamorphosed, muscovite-biotite tonalite and granodiorite (Fig. 2) .
A small (<1 km 2 ), early Late Jurassic pluton intrudes the Bourne-Wallowa boundary at the Grey Eagle mine in the Virtue Hills area east of Baker City (Fig. 1) . This pluton consists of chiefly biotite-hornblende diorite and intrudes both Elkhorn Ridge Argillite of the Bourne subterrane and metaigneous fault slices that have been interpreted to represent imbricated fault slices of the nearby Wallowa terrane (Ferns and Brooks, 1995; Schwartz et al., 2010) .
In the Olive Creek area, northeast of the town of Greenhorn (Fig. 3) , small (<500 m 2 ) Late Jurassic plutons intrude the Bourne-Greenhorn subterrane boundary. These plutons consist of muscovite-biotite tonalite and granodiorite.
Primary and Structural Features
Primary Features in the Metasedimentary Rocks
Bedding is locally preserved in the Badger Creek metasedimentary and Vinegar Hill chertargillite units (Fig. 2) . In the Badger Creek unit, primary stratification consists of graded beds, sometimes inverted due to tight to isoclinal, Nd ratio of 0.511846 ± 11 (2s) was measured for the La Jolla Nd standard. Uncertainties in Sr isotopic ratio measurements are ±0.00002, and uncertainties in Nd isotopic ratio measurements are ±0.00001 (2σ). Blanks are <50 pg for Rb, Sr, Nd, and Sm, and no blank correction was made. Uncertainties in Rb, Sr, Nd, and Sm concentrations are ±2% of the measured value; uncertainties on initial ε Nd are ±0.3 epsilon units. Nd model ages were calculated based upon the depleted mantle model of Goldstein et al. (1984) .
synmetamorphic folding (see "Penetrative fabric development" section for a detailed description). In the Vinegar Hill chert-argillite unit, the direction of younging could not be determined from relict bedding features. Brecciation in the Vinegar Hill argillite is localized and is especially prominent near the summit of Vinegar Hill. This brecciation either postdates folding or both features (i.e., folding and brecciation) may have formed together in a semilithified state during submarine slumping. This suggestion of widespread soft-sediment deformation in the chert-argillite unit of the Vinegar Hill area is supported by a lack of similar deformation in the immediately underlying and adjacent metavolcanic and metavolcaniclastic rocks.
Penetrative Fabric Development
Bedding in metasedimentary rock units is transposed by a NE-SW-striking, moderately to steeply dipping penetrative slaty to spaced cleavage (S 1 ; Fig. 7 ). Isoclinal folding is also locally observed. In some cases, bedding and S 1 are obliquely oriented to each other, whereas in other cases they are parallel or subparallel (as observed in the isoclinal folds). In contrast, penetrative S 1 foliation (cleavage) is poorly developed in metavolcanic and metavolcaniclastic rocks on Vinegar Hill but is more common in the Desolation Butte area (Fig. 7) . In this area, S 1 foliations strike roughly E-W with moderate to steep dips. Strongly sheared serpentinite also displays similar orientations to metavolcanic rocks along major shear zones within the Greenhorn subterrane and near structural contacts with the Bourne subterrane (e.g., Figs. 2 and 6 ). At the Bourne-Greenhorn subterrane boundary (Fig. 2) , Elkhorn Ridge Argillite also displays a well-developed, E-W-striking, moderately to steeply dipping, slaty to spaced cleavage. The similarity in orientation of these fabrics suggests that they developed together.
Brittle to Semibrittle Fault Zones and Cataclasis
The E-W-oriented, penetrative slaty to spaced cleavage in both subterranes is overprinted by brittle faults, intense brecciation, and extensive networks of cataclastic shear zones. Along the contact between the two subterranes, a greenschist-facies shear zone separates serpentinite, metavolcanic, and metaplutonic rocks of the Greenhorn subterrane from the Elkhorn Ridge Argillite of the Bourne subterrane (central area of Fig. 2 ). The orientation of this fault zone ranges from approximately NW-SE in the Desolation Butte area, to nearly E-W in other areas (Evans, 1989 (Evans, , 1995 Ferns and Brooks, 1995) . Fault surfaces in the Desolation Butte area dip to the S-SW, with slickenside orientations indicating top to the northwest (Fig. 2) . In the footwall of the fault zone, Elkhorn Ridge Argillite is intensely brecciated within 2-3 km of the subterrane contact (cf. Fig. 2 and cross section). Although these brittle and semibrittle features overprint the penetrative slaty to spaced cleavage, they likely formed during the same event, as suggested by the similarity in orientations of fault surfaces, hinge lines, and fold axes in all rocks in the area (Fig. 7) . Cataclastic shear zones are common in metaplutonic rocks in the Vinegar Hill area, where they are variable in orientation but generally define two conjugate sets striking E-W and N-S, respectively (Fig. 7) . Locally, these semibrittle shear zones are ultracataclastic and are characterized by extensive alteration of plagioclase and clinopyroxene to chlorite-and epidotegroup minerals. Cataclastic and ultracataclastic shear zones locally crosscut white clinozoisiterich veinlets (Fig. 5B) , suggesting that they developed after these metamorphic veinlets.
Radiolarian Micropaleontology
Three samples from the Elkhorn Ridge Argillite (Bourne subterrane, southwest of Baker City) and one sample from the Vinegar Hill chert argillite (Greenhorn subterrane, Dixie Butte area) yielded sufficiently preserved radiolaria for faunal analysis. Sample locations are given in Table A1 (see footnote 1), and a selection of diagnostic Jurassic radiolarian taxa is presented in Figure 8 .
Faunal The faunal assemblage recovered from the basal section of the Dixie Butte meta-andesite (Greenhorn subterrane, locality 08DBOJ4) includes Haploaxon sp. and Pseudoalbaillella lomentaria of Early Permian age (within the Sakmarian-Kungurian interval).
Geochemical Data
Metaigneous and metasedimentary rocks in the Greenhorn subterrane are affected by varying degrees of greenschist-facies to lower- Pb corrected ratios using age-appropriate Pb isotopic composition of Stacey and Kramers (1975) . † †207
Pb corrected age; spot analyses with strikethrough were excluded in age calculation due to open system behavior and/or analytical problems.
amphibolite-facies metamorphism. Consequently, we base our interpretation of these rocks primarily on relatively immobile trace elements. Metavolcanic rocks in the Greenhorn subterrane typically exhibit a narrow range in SiO 2 content, ranging from 46 to 54 wt%, but values have been reported to extend up to ~71 wt% in other studies ( Fig. 9A ; Ferns and Brooks, 1995) . Chondrite-normalized rare earth element (REE) abundances for greenstones in the Greenhorn subterrane are flat to slightly depleted in light rare earth elements (LREEs) and have negative Eu anomalies (Fig. 10) . In contrast, REE abundances for basalts from the Olive Creek unit (Bourne subterrane; Fig. 3 ) display LREE enrichment and steeply negative slopes, and they lack Eu anomalies (Fig. 10) . Metaplutonic rocks from the Greenhorn subterrane are characterized as magnesian and calcic-calc-alkalic (Frost et al., 2001; Frost and Frost, 2008) , and show flat to slightly LREE-depleted abundances with positive Eu anomalies. Plutonic rocks that intrude fault boundaries are generally unaltered to weakly metamorphosed. Middle to early Late Jurassic gabbro to quartz diorite are characterized by 52-65 wt% SiO 2 and are typically magnesian and calciccalc-alkalic (Fig. 9) . They have Na 2 O contents typically <4.0 wt%, Al 2 O 3 <18 wt%, Sr <400 ppm, and high Y >20 ppm. Rare earth element abundances display weak LREE enrichment and have negative Eu anomalies (Fig.  10) . A second suite of Late Jurassic tonalite and granodiorite plutonic rocks intrudes older Middle Jurassic plutons and is characterized by SiO 2 concentrations >70 wt%, and it is also characterized as magnesian and calcic-calcalkalic (Fig. 9) . In contrast to the older intrusive suite, these plutons have steeper REE abundances (La/Lu >140; Fig. 9 ), and Eu anomalies are weak or absent.
Metasedimentary rocks in the Greenhorn subterrane are characterized by LREE enrichment and flat heavy REE abundances and, typically, negative Eu anomalies (Fig. 10) . Relative to North American shale composite (Gromet et al., 1984) , these samples show flat REE abundances.
Isotopic Data
A sample of the Vinegar Hill chert-argillite unit has an initial (220 Ma) e Nd value of -2.4 and a corresponding initial 87 Sr/ 86 Sr value of 0.7062 (Fig. 11 ). The Nd model age for this sample is 1.5 Ga. Two Permian to Late (?) Triassic argillites from the Badger Creek metasedi mentary unit are characterized by negative initial e Nd values of -2.4 to -3.8 and Nd model ages ranging from 1.3 to 1.6 Ga (Fig. 11) Gromet et al., 1984) and the Elkhorn Ridge Argillite of the adjacent Bourne subterrane (0.1908-0.1986 ).
U-Pb Zircon Geochronology
A trondhjemite (CM-05-3) from the Canyon Mountain complex yielded 13 concordant zircon spot analyses and one discordant analysis. Fig. 12A ). This age is similar within error to the weighted average age of the entire sample distribution, yet it has a lower MSWD. We interpret this age as the best approximation for the crystallization age.
A volcaniclastic breccia (08BM62) located north of the Bourne-Greenhorn subterrane boundary yielded 49 concordant individual zircon spot analyses with virtually identical ages, giving a weighted average Pb age of ca. 2010 Ma, i.e., an age similar to detrital zircon ages reported from the Baker terrane (Alexander and Schwartz, 2009) .
A hornblende diorite (08GE-1) that intrudes Elkhorn Ridge Argillite and metagabbro thrust slices at the Baker-Wallowa terrane boundary at the Grey Eagle mine yielded 12 concordant zircon spot analyses giving a weighted average 206 Pb/ 238 U age of 157.1 ± 2.0 Ma (MSWD = 0.7; Fig. 12C ). We interpret this age as the best approximation for the crystallization age.
A biotite-hornblende diorite (GB-07-02) from the Gold Bug pluton, which intrudes the Bourne-Greenhorn subterrane boundary (Fig. 2) , gave 10 concordant spot analyses yielding a weighted average Fig. 12D ). This age is identical within error to the weighted average age of the entire sample distribution, yet it has a lower MSWD. We interpret this age as the best approximation for the crystallization age.
A biotite tonalite (GB-07-1) that intrudes the ca. 154 Ma Gold Bug diorite (Fig. 2) yielded seven concordant spot analyses. The majority of the analyses have 206 Pb/ 238 U ages of ca. 146 Ma, whereas one spot analysis is older than the rest, yielding an age of ca. 154 Ma, which is likely inherited from the older Gold Bug pluton. The weighted average 206 Pb/ 238 U age of the remaining six spots is 146.3 ± 1.5 Ma (MSWD = 0.6) and is interpreted as the best approximation for the crystallization age (Fig. 12E) .
A muscovite-biotite tonalite (08GH01) northeast of Greenhorn intrudes the Bourne (Olive Creek unit) and Greenhorn subterranes (Fig. 3) U age of 145.0 ± 2.8 Ma (MSWD = 0.9; Fig. 12F ), which we interpret as the best approximation for the crystallization age.
A biotite-hornblende tonalite (BMO-1) from the "Granodiorite of Anthony Lake" unit of the Bald Mountain batholith (Taubeneck, 1995) yielded 12 concordant spot analyses that give a weighted average 206 Pb/ 238 U age of 145.2 ± 2.3 Ma (MSWD = 1.8). One analysis is slightly younger than the rest of the population and may reflect Pb loss. Excluding that anomalous analysis, the remaining 11 analyses yield a weighted average 206 Pb/ 238 U age of 146.7 ± 2.1 Ma (MSWD = 1.3; Fig. 12G ). We interpret this age as the best approximation for the igneous crystallization age of this sample.
The Lonesome Formation is the youngest deformed sedimentary sequence in the John Day area, and it provides a maximum age for the timing of deformation in the region. The age of the Lonesome Formation is well constrained by ammonite biostratigraphy Vigrass, 1964, 1965; Imlay, 1986) as late Callovian (ca. 163-161 Ma using Gradstein et al., 2004; or ca. 160-157 Ma using Pálfy et al., 2000) . The detrital zircon age distribution from a turbidite sandstone of the Lonesome Formation contains >50% Mesozoic ages, suggesting that deposition occurred in close proximity to the active Cordilleran margin arc (LaMaskin et al., 2009a (LaMaskin et al., , 2011 . In addition, the youngest age distribution in the sample includes 20 single-grain ages that overlap at 1s, ruling out the prospect of spurious, nonreproducible ages (cf. Dickinson and Gehrels, 2009) . Thus, it is acceptable to use the youngest single-grain age of 159 ± 2 Ma as a measure of maximum depositional age for the Lonesome Formation.
B Elkhorn Ridge Argillite (Bourne subterrane)
Poles to foliation (S0/S1), n = 20 Fold axis, T and P = 088/14 Fold axis, T and P = 150/62 (Evans, 1995) Poles to foliation (S0/S1 ), n = 37 Poles to foliation (S1), n = 37 (Ferns and Brooks, 1995 (Fig. 3 ). T and P refers to trend and plunge.
DISCUSSION
Origin of the Bourne and Greenhorn Subterranes: A Paired Accretionary Complex and Forearc
The Bourne and Greenhorn subterranes of the Baker terrane contain diverse and distinct rock types that are juxtaposed along an anastomosing, semibrittle to brittle, greenschist-facies fault zone. Whereas the Bourne subterrane consists primarily of fine-grained argillite (Elkhorn Ridge Argillite) and lesser contributions of volcanogenic material (e.g., tuff, tuffaceous argillite, and thin beds of altered mafic lavas; e.g., Gilluly, 1937) , the Greenhorn subterrane contains a variety of metavolcanic, metaplutonic, and metasedimentary rocks associated with serpentinite-matrix mélange (Ferns and Brooks, 1995) . Geochemically, the metaigneous rocks in the Greenhorn subterrane are magnesian and calcic to calc-alkalic in character, display flat to LREE-depleted, chondrite-normalized REE patterns (Figs. 8 and 9 ), and show evidence for large ion lithophile element enrichment characteristic of magmas generated in a suprasubduction-zone setting (cf. Mullen, 1985) . Previous workers have suggested that the diverse rock types in the Bourne and Greenhorn subterranes may have evolved as distinct and genetically unrelated subduction-related complexes that were juxtaposed during tectonic amalgamation (Ferns and Brooks, 1995) . Hence, the nature of these subterranes is of significance in understanding the origin of the Baker terrane, the location of crustal suture zones in the Blue Mountains Province, and mechanisms of upper-crustal strain localization during contractional deformation.
Our geochemical and isotopic data permit us to evaluate the relationships between the Bourne and Greenhorn subterranes, and the significance of the brittle to semibrittle fault zone that separates them. In particular, isotopic data from metasedimentary sequences in the Greenhorn subterrane (i.e., Vinegar Hill chert-argillite unit and Badger Creek metasedimentary unit: 87 Sr/ 86 Sr i = 0.7062-0.7073, e Nd = -2.4 to -3.8) provide strong evidence for significant involvement of an evolved, Proterozoic or older source during deposition (Fig. 11A) . These evolved isotopic signatures are similar to those from the nearby Elkhorn Ridge Argillite ( 87 Sr/ 86 Sr i = 0.7073-0.7094, e Nd = -4.7 to -7.8; Schwartz et al., 2010) in the Bourne subterrane, and they are consistent with a shared depositional source between the two subterranes. Isotopic modeling indicates that metasedimentary rocks of both subterranes can be described as binary mechanical mixtures of a depleted-mantle arc source and average North American miogeoclinal rocks ( Fig. 11A; see Schwartz et al. [2010] for details of binary mixture model). This suggestion is further supported by recent U-Pb detrital-zircon studies from the Greenhorn and Bourne subterranes, which demonstrate similar Precambrian and Phanerozoic detrital-zircon age distributions in the Badger Creek unit (Greenhorn subterrane) and Elkhorn Ridge Argillite (Bourne subterrane) (Alexander and Schwartz, 2009) .
Although the Bourne and Greenhorn subterranes are separated by a greenschist-facies fault zone, we suggest, based on their similar isotopic signatures, detrital-zircon age populations, and shared deformational features (Fig. 7) , that they are genetically related to each other as distinct, tectonically disrupted parts of a paired accretionary complex-forearc system (Fig. 13 ). In our model, the Greenhorn and Bourne subterranes developed as spatially distinct but related components of the fringing, continental-margin Olds Ferry island-arc terrane. This relationship is illustrated schematically in Figures 13 and 14 . We suggest that the Permian-Triassic Badger Creek unit formed in an extensional or transtensional forearc basin (as suggested by left-lateral mylonitic zones in the Olds Ferry terrane); however, we recognize that mélange formation and Late Jurassic contractional deformation obscure the original geometry of this basin.
We also propose that the partially age-correlative Permian-Triassic Badger Creek unit and Late Triassic Vester Formation (basal Triassic clastic sedimentary unit in the John Day region) are tectonically disrupted portions of the same forearc basin. This suggestion is supported by similar detrital zircon age distributions between the Vester Formation and Badger Creek unit (Alexander and Schwartz, 2009; LaMaskin et al., 2009b) , and similar modal mineral content (e.g., Fig. 6 ) and lithic clasts (e.g., angular chert-argillite, metagabbro, greenstone, limestone, sandstone, and minor white quartzite).
Contractional Deformation during Arc-Arc Collision
Late Jurassic deformation in the Blue Mountains Province involved widespread faulting and folding within the Baker terrane and at terrane boundaries, where bivergent thrusting emplaced the Baker terrane structurally above the Olds Ferry and Wallowa island arcs along several brittle to semibrittle deformation zones (e.g., Baker-Wallowa terrane boundary, and Baker-Izee-Olds Ferry terrane boundary; Figs. 1 and 13). These contractional features record the oldest deformation to affect all terranes in the Blue Mountains Province (Avé , and they preserve information about the mechanics of upper-crustal strain partitioning and deformation during terrane amalgamation. This deformational event has been interpreted by previous authors (e.g., Avé Lallemant, 1995; Ferns and Brooks, 1995; Schwartz et al., 2010) to signify the collision of the distal and alloch thonous Wallowa island-arc terrane with the fringing continental-margin Olds Ferry island-arc terrane. Next, we discuss the nature of these brittle to semibrittle deformation zones (Bourne-Greenhorn subterrane boundary, Baker-Wallowa terrane boundary, and BakerIzee-Olds Ferry terrane boundary) and their significance in Late Jurassic contractional orogenesis in the Blue Mountains Province. Within the Baker terrane, widespread contractional deformation resulted in the development of E-W-oriented, penetrative slaty to spaced cleavage in metasedimentary rocks in both subterranes. This prominent cleavage is locally overprinted by anastomosing, brittle to semibrittle faults, particularly at the Bourne-Greenhorn subterrane boundary, where contractional deformation involved thrusting of serpentinite-matrix mélange over argillitematrix mélange, intense brecciation in chertargillite units of the footwall (Elkhorn Ridge Argillite), and localized cataclastic shearing associated with greenschist-facies metamorphic veining in both hanging-wall and footwall rocks (Evans, 1989 (Evans, , 1995 (cf. Fig. 2) 
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and clinozoisite veins supports previous suggestions that contractional deformation was accompanied by widespread fluid flow and dissolution (Avé Lallemant, 1983) . Metamorphic mineral assemblages in the Greenhorn subterrane also indicate higher metamorphic conditions (lower amphibolites facies) versus the Bourne subterrane (lower greenschist facies), which are consistent with exposure of deeper structural levels in the hanging wall during thrusting. Another zone of intense deformation in the Blue Mountains Province is the Baker-Wallowa terrane boundary, which is characterized by a broad zone (>25 km wide) of fault-bounded, imbricated slabs and slices of metaigneous and metasedimentary rocks (interpreted to be derived from the Wallowa island-arc terrane; Fig. 4 ), which were faulted into chert-argillite mélange of the Elkhorn Ridge Argillite (Ferns and Brooks, 1995; Schwartz et al., 2010) . Slabs of metaigneous rocks in this zone consistently dip to the south (away from the Wallowa islandarc terrane) as a series of arc-directed thrusts. Metasedimentary and metaigneous rocks in these fault slices are distinct and less isotopically evolved than those in the coeval Elkhorn Ridge Argillite, indicating that this fault zone is a fundamental tectonic and isotopic boundary that separates the distal Wallowa island-arc terrane from the Bourne accretionary complex. Ferns and Brooks (1995) and Schwartz et al. (2010) suggested that the incorporation of these fault slices into the Bourne accretionary complex represents the collision of the Wallowa and Olds Ferry island-arc terranes, resulting in widespread imbrication of the southern margin of the Wallowa plate beneath the Bourne subterrane. This suggestion is supported by contrasting early (Permian-Early Jurassic) defor ma tional histories of the Baker and Wallowa terranes prior to amalgamation (cf. Avé Kays et al., 2006) and contrasting isotopic and detrital zircon characteristics Alexander and Schwartz, 2009 ). North of this deformation zone (within the Wallowa island-arc terrane), E-W-oriented thrust faults and hinge lines are similar to observations at the Baker-Wallowa terrane boundary and suggest that these features may have also formed together in response to widespread Late Jurassic contractional deformation in the Blue Mountains Province.
Along the southern margin of the Baker terrane, Late Triassic to early Late Jurassic sedimentary rocks were deformed in response to contractional deformation. Deformation occurred throughout the region from eastern Oregon and western Idaho to the John Day region. The highest strain is preserved at the contact of the Baker-Izee-Olds Ferry terrane boundaries, northeast of Huntington, Oregon (cf. Fig. 1 ). Contractional structural features in the Weatherby Formation (north of Huntington) include mega-and mesoscale folds, overturned to the south and southeast, and the synchronous development of a NE-SW-striking axial-surface slaty to spaced cleavage. Folds were developed in association with N-dipping, S-to SE-directed thrust and/or reverse faults that emplaced the Baker terrane (Burnt River Schist) structurally above the Early to latest Middle Jurassic Weatherby Formation along the Connor Creek fault ( Fig. 1 ; Brooks and Vallier, 1978; Avé Lallemant, 1983 ). The Weatherby Formation was in turn thrust over the Late Triassic to Early Jurassic Huntington Formation of the Olds Ferry arcterrane along a highly imbricated fault zone (Avé Lallemant, 1983) . Microstructural observations of quartz c-axis fabrics from this fault zone indicate NW-SE principal compressive stress directions associated with Late Jurassic contractional deformation (Avé Lallemant, 1983 . Kine matic data from stretched-pebble conglomerates in the basal Weatherby Formation also indicate a component of left-lateral strikeslip displacement along a WNW-ESE-striking shear zone (Avé Lallemant, 1995) . Folding and faulting of sedimentary rocks in both eastern Oregon-western Idaho and the John Day region were followed by a hiatus in deposition after ca. 159 ± 2 Ma (Oxfordian Lonesome Formation in the John Day region and Callovian Weatherby Formation in eastern Oregon-western Idaho; Dickinson and Thayer, 1978; Dickinson, 1979; Imlay, 1986; Dorsey and LaMaskin, 2007) .
Other unconformities and faults (cf. Dickinson and Thayer, 1978; Dickinson, 1979) are also present between volcanogenic sedimentary rocks of the Olds Ferry island arc and overlying Jurassic sedimentary rocks (e.g., between the Huntington and Weatherby Formations at 187-181 Ma; Tumpane and Schmitz, 2009 ). Previous workers have interpreted the Early Jurassic unconformity in the John Day and Huntington regions as possibly representing nascent arc-arc collision between the Wallowa and Olds Ferry arcs Lamaskin et al., 2008b) , or alternatively, as an episode of intraforearc, arc-directed back thrusting associated with E-dipping subduction (present-day coordinates) beneath the Olds Ferry fringing continental-margin island arc (Dickinson, 1979) . We emphasize that this hiatus overlaps in age with deposition of radiolarian-bearing cherts in the adjacent Bourne subterrane (193-181 Ma; see "Radiolarian Micropaleontology" section). Hence, our structural observations, new U-Pb zircon geochronology, and micropaleontology are inconsistent with Early Jurassic arc-arc collision. We therefore prefer the interpretation of Late Triassic to Early Jurassic limited intraforearc deformation. This Oceanic crust
Olive C re e k s e a m o u n t modified after Fryer et al. (1999) W E interpretation is more compatible with our geologic observations for this relatively brief and apparently focused episode of deformation (see following discussion).
Timing of Deposition, Development of Layer-Parallel Extensional Fabric, and Contractional Deformation in the Baker Terrane
Our new faunal ages from radiolarian-bearing thin-bedded chert in the Baker terrane (Bourne subterrane) indicate that deposition occurred over at least 100 m.y. from the Early Permian (Sakmarian) through Early Jurassic (SinemurianToarcian). Based on the commonly inferred depositional setting of thin-bedded chert, this deposition occurred in a sediment-starved, deep-water marine basin. Layer-parallel extensional fabrics are ubiquitous in these rocks and likely formed syndepositionally in response to landsliding and/or slumping in a subductionzone setting (cf. type II mélange of Cowan, 1985) . Early Jurassic radiolarian-bearing cherts in the Baker terrane are similar in age to andesites, rhyolites, and tuffs in the Olds Ferry and Wallowa terranes (Tumpane and Schmitz, 2009) , suggesting that sedimentation and extensional-fabric development occurred synchronous with arc-related magmatism during Early Jurassic time. Syndepositional, Late Triassic to Early Jurassic faulting is also recorded in the John Day region at this time and is interpreted to reflect intra-arc contraction during subduction (see previous discussion; Dickinson and Thayer, 1978; Dickinson, 1979) . Early to Middle Jurassic volcaniclastic sedimentary rocks of the Mowich Group and Snowshoe Formation (Pliensbachian to basal Callovian) overlie older sedimentary rocks in the John Day region, indicating that syndepositional faulting was followed by continued arc-related magmatism that extended episodically through the latest Middle Jurassic (cf. Dickinson and Vigrass, 1965; Dickinson and Thayer, 1978; Dorsey and LaMaskin, 2007) .
In the John Day region, thin andesitic lavas, dikes, and sills of Early to Middle Jurassic age are locally present and are associated with andesitic volcaniclastic turbidites, which grade into subaqueous ash-flow tuffs of dacitic to rhyodacitic composition (Dickinson, 1979) . Coeval latest Middle Jurassic andesitic magmatism is documented in the nearby Dixie Butte area (north of the John Day region) and is a potential local source for Jurassic volcanic and vol caniclastic rocks in the John Day region. Paleocurrent indicators (prior to ~60° of post-Early Cretaceous clockwise rotation) and thickness relations support derivation of volcaniclastic debris from a NE to NW source region (Dickinson and Thayer, 1978) . Collectively, these features suggest ongoing magmatism and deposition in both the Baker terrane and John Day region of the Izee "terrane" during the latest Middle Jurassic. Furthermore, these data also suggest that the John Day region may have transitioned from a distal forearc basin in Late Triassic to Early Jurassic time to a back-arc setting in Middle to Early Jurassic time as magmatism migrated northwestward (present-day coordinates) from the Olds Ferry arc (Huntington Formation) to the Greenhorn subterrane (cf. Fig. 14) . We suggest that our new data may record an ancient example of outboard arc-axis migration associated with arc-arc collision, a well-documented process in the modern southwest Pacific (e.g., Hall, 2002) .
Widespread contractional features within the Baker terrane and at subterrane and terrane boundaries postdate Early Permian-Early Jurassic deposition and bedding-parallel extensional fabric development (Avé Lallemant, 1995 Island arc-related terranes consist of a Triassic to Early Jurassic fringing continental margin arc (Quesnellia) and a more distal, Triassic to Middle Jurassic island arc (Stikinia), both of which contain volcanic, volcaniclastic, and sedimentary rocks and associated cogenetic plutons (Marsden and Thorkelson, 1992; Anderson, 1993; Currie and Parrish, 1997; Patchett and Gehrels, 1998; MacIntyre et al., 2001; English and Johnston, 2005) . These island-arc terranes are separated by a long-lived, argillite-matrix mélange terrane (Cache Creek) that contains remnants of oceanic plateaus tectonically intercalated with PermianMiddle Jurassic metasedimentary rocks consisting of ribbon chert, argillite, graywacke, sandstone, conglomerate, and limestone (Cordey et al., 1987; Nelson and Mihalynuk, 1993; Mihalynuk et al., 1994; Orchard et al., 2001; Struik, 2001; Struik et al., 2001; Tardy et al., 2001; Lapierre et al., 2003) . Lateral tectonic collision of the Stikinia-Cache Creek-Quesnellia terranes may have been diachronous from north to south, associated with progressive oroclinal closure, with initial collision recorded by early Middle Jurassic deformation in the north and progressive southward younging of deformation and final closure between the Toarcian and Bajocian (Thomson et al., 1986; Ricketts et al., 1992; Anderson, 1993; Nelson and Mihalynuk, 1993; Mihalynuk et al., 1994) .
Previous workers have noted faunal, age, and isotopic similarities between the Intermontane terranes and those in the Blue Mountains Province and have suggested that the WallowaBaker-Olds Ferry superterrane may represent a southern extension of the Stikinia-Cache Creek-Quesnellia superterrane (e.g., Mortimer, 1986; Stanley and Senowbari-Daryan, 1986) . Similarities between the Cache Creek and Baker terranes are also compelling and include (1) long-lived (Permian-Early-Middle Jurassic) deposition of chert-argillite, (2) intercalation of oceanic plateaus (e.g., Olive Creek unit in Baker terrane) into chert-argillite mélange, and (3) isotopic similarities between Baker and Cache Creek argillaceous rocks (cf. Fig. 11B 
Southern Cordillera Correlations: Klamath Terranes
Components of the Baker terrane bear a number of similarities to accreted terranes in the Klamath Mountains of northwestern California and southwestern Oregon. In particular, the Greenhorn subterrane shares similarities to the North Fork terrane, a composite Permian to Jurassic forearc terrane, which consists of serpentinized ultramafic rock, metagabbro, metabasalt, metavolcaniclastic breccia, argillite, chert-argillite, and limestone (e.g., Ando, 1979; Ando et al., 1983; Ernst, 1998 Ernst, , 1999 Scherer et al., 2006; Scherer and Ernst, 2008) . Metasedimentary rocks in the North Fork terrane range in age from Permian to Early Jurassic and have McCloud faunal affinities (Wright, 1982; Ernst, 1998; Ernst et al., 2008) . The North Fork terrane also lies inboard of the eastern Hayfork terrane, a subduction-related, argillite-matrix mélange terrane similar in composition to the Bourne subterrane (Wright, 1982; Wright and Fahan, 1988; Goodge and Renne, 1993; Ernst, 1999; Scherer et al., 2006; Snow and Scherer, 2006) . Detrital zircons from the eastern Hayfork have also been interpreted to have derived from older continental crust Ernst et al., 2008) . These broad lithologic and geochemical similarities between the North Fork and eastern Hayfork terranes in the Klamath Mountains and Greenhorn and Bourne subterranes in the Blue Mountains Province are compelling and suggest that they may have a similar tectonic origin.
The Rattlesnake Creek terrane, also located in the Klamath Mountains, shares a number of similarities with the Greenhorn subterrane in that it contains tectonic fragments of peridotite, metavolcanic rock, amphibolite, pillow basalt, mafic plutonic rocks, metachert, and limestone within a matrix of sheared serpentinite (Wright and Wyld, 1994) . Much like their counterparts in the Greenhorn Mountains, metavolcanic rocks in the Rattlesnake Creek terrane were derived from normal mid-ocean-ridge basalt (N-MORB), enriched (E) MORB, and within-plate sources (Wright and Wyld, 1994 Sr and e Nd isotopic values for these mélange blocks range from 0.7000 to 0.7061 and 4.2 to -2.3, respectively . The Rattlesnake Creek terrane is also unconformably (?) overlain by an Upper Triassic to Lower Jurassic "cover sequence" consisting of metavolcanic and isotopically evolved meta sedi mentary rocks , which may correlate with sedimentary rocks in the John Day region of northeast Oregon and in eastern Oregon-western Idaho. Their strongly evolved isotopic characteristics have been interpreted to reflect derivation from eolian dust in the case of the Rattlesnake Creek mélange and proximal cratonic sources in the case of the cover sequence . Unlike the Greenhorn subterrane, the Rattlesnake Creek terrane lies outboard of argillitematrix mélange rocks of the eastern Hayfork terrane (Wright, 1982; Wright and Fahan, 1988; Goodge and Renne, 1993; Ernst, 1999; Scherer et al., 2006; Snow and Scherer, 2006; Ernst et al., 2008) . These contrasting spatial relationships between the Greenhorn-Bourne subterranes and Rattlesnake Creek-eastern Hayfork terranes are difficult to attribute to a single forearc and accretionary complex, unless mechanisms such as terrane transfer along strike-slip faults (e.g., Wright and Wyld, 2007) or intra-arc rifting (e.g., Ernst et al., 2008) are invoked.
Middle to Late Jurassic contractional deforma tion is also recognized in the Klamath Mountains and western Sierra Nevada foothills in the U.S. sector of the western North American Cordillera (e.g., Schweickert and Cowan, 1975; Schweickert et al., 1984; Wright and Fahan , 1988) . Although originally conceived as a single , Late Jurassic Klamath-Sierra Nevada orogenic event ("Nevadan" orogeny, sensu lato), subsequent work has demonstrated that multiple Mesozoic deformational events have affected the Klamath-Sierra Nevada terranes, including a discrete Middle Jurassic event at ca. 169-161 Ma (Siskiyou orogeny; Coleman et al., 1988; Wright and Fahan, 1988; Wright and Wyld, 1994; Hacker et al., 1995) , and a Late Jurassic event at ca. 153-150 Ma (Nevadan orogeny; e.g., Saleeby et al., 1982; Harper and Wright, 1984; Harper et al., 1994; Allen and Barnes, 2006; Chamberlain et al., 2006) . The geodynamic significance of these contractional events is still controversial and may represent either (1) repeated collisions of distal island arc-related terranes, or (2) alternating periods of coupling between the subducting slab and the overriding plate (Wright and Fahan, 1988; Snoke and Barnes, 2006) . Although certain structural and stratigraphic similarities exist between the Klamath and Blue Mountains Provinces (see previous), lithotectonic correlations are problematic because the Klamath terranes appear to lack a Wallowa-equivalent terrane, and the timing of regional deformation is apparently different (159-154 Ma in the Blue Mountains Province as compared to 169-161 Ma and 153-150 Ma in the Klamath Mountains).
CONCLUSIONS
Late Jurassic contractional deformation in the Blue Mountains Province, northeast Oregon, involved the development of widespread, penetrative, approximately E-W-oriented slaty to spaced cleavage, approximately N-S-directed folding, and N-and S-dipping reverse and thrust faulting throughout the Baker, Izee, Olds Ferry, and Wallowa terranes. Deformation related to Late Jurassic contraction is localized in several brittle to semibrittle deformation zones within the Baker oceanic mélange terrane (e.g., Bourne-Greenhorn subterrane boundary) and at terrane boundaries (e.g., the Baker-Wallowa terrane boundary, and Baker-Izee-Olds Ferry terrane boundary). Within these brittle to semibrittle deformation zones, there are numerous brittle faults, intense brecciation of footwall rocks, and extensive networks of cataclastic shear zones developed within footwall and hanging-wall rocks at greenschist-facies metamorphic conditions. Detrital zircon ages from deformed sedimentary rocks (e.g., Oxfordian Lonesome Formation; LaMaskin, 2009), coupled with new U-Pb zircon ages of postkinematic fault-stitching plutons, allows us to tightly bracket contractional deformation between 159 and 157 Ma at the Baker-Wallowa terrane boundary and between 159 and 154 Ma at the Bourne-Greenhorn subterrane boundary within the Baker terrane.
Based on structural, geochemical, and isotopic data, we propose that the widespread, bivergent, approximately N-S-directed contractional features in the Baker terrane (and the broader Blue Mountains Province) record a short-lived episode of deformation related to the early Late Jurassic terminal collision of the distal Wallowa island arc with the fringing, continental-margin Olds Ferry island arc. We suggest that the brittle to semibrittle deformation zones in the Blue Mountains Province preserve an example of shallow-to midcrustal deformation related to inferred arc-arc collision, during which time the Baker terrane was thrust over both colliding island arcs and accommodated much of the contractional strain. Similar contractional features are observed in the Intermontane superterrane, Klamath Mountains, and western Sierra Nevada, suggesting widespread contraction and mountain building along much of the western North American Cordillera during Early-Middle Jurassic time.
